The goals of this paper are (1) to outline the importance of disturbances for biodiversity in forest ecosystems, and (2) to show that it is possible to combine both biodiversity protection and forest utilization. For this purpose, I will outline four case studies, carried out in two German national parks, dealing with the influence of wind throw, bark beetle outbreak, snow avalanche, and management on structure and species composition of forest stands.
Materials and Methods
The four case studies were carried out in the two oldest German national parks, both in the SE of Germany ( Figure   1 , 1993 , 1998 , 2003 (Case Study 1), in 1998 and 2004 (Case Study 2), in 1989 , 1994 , 1999 (Case Study 3) and 1999 -2001 . For more details see the cited publications.
Results

WIND THROW (CASE STUDY 1)
Although Central Europe is the core center of the distribution On the unmanaged sites, however, the former ground layer forest species continued to grow, felled-area species were restricted to disturbed sites (pit-and-mound-system of uprooted trees), and the existing spruce saplings immediately after the event started to build up a new tree layer ). A. Fischer / Disturbances and biodiversity in temperate forests 3 Figure 2 . PCA of all wind throw plots as well as plots of the surrounding forests. Bold arrows mark the successive states (1988, 1993, 1998, 2003 and 2008) . Explaining plant species are: Betula/Picea (TL = tree layer, SL = shrub layer, HL = herb layer), Epilobium angustifolium, Polytricum formosum, Bazzania trilobata. Left and bottom scale: sample scores; right and top scale: species scores. Drawn from individual based modelling approach showed that within the next century spruce will dominate on both areas, but on managed areas birch will remain a significant part of the tree layer, pointing on the human impact (clearing procedure), while without management impact birch will be reduced to low values soon (Fischer et al. 2002) .
In summary, it becomes obvious that without clearing, the species combination remains closer to the forest situation ("more natural"), and that the unmanaged stands are structurally richer than the managed ones.
BARK BEETLE OUTBREAK (CASE STUDY 2)
In the second half of the 1990s, a large scale die-back of the Europe, less than 3,000 saplings larger than 10 cm per hectare are enough to regenerate a tree layer in such forests.
In summary, there are more young trees regenerating a new tree layer than needed; not the "forest" is dying but (a high number of) trees. The density of tree regeneration, however, is variable within the area, resulting in a patchy population mosaic. The new forest will be richer in structures than the old one. Most important to learn that spruce forests regenerate on a large scale, but not, as many deciduous forests, by dying and replacement of single trees or small groups of trees.
SNOW AVALANCHE (CASE STUDY 3)
Snow avalanches usually affect subalpine forest ecosystems and play an important role for the forest structure there, but were rarely studied up to now (Bebi et al. 2009) . A much more rare event is that a snow avalanche affects a mountain To investigate the regeneration of the forest in the long run we established a set of permanent plots (3 transects), also including the surrounding forests of the avalanche track as reference (Fischer 1997) . While the intention of the permanent plot study originally was only to analyze the succession, after the disturbance, in the long run, we now have the opportunity to see the forest vegetation differentiation depending on a series of different intense events ).
On the whole study site (around 11 ha), the series of avalanches resulted in a mosaic of seven separated areas that differ in (i) time of disturbance, (ii) frequency of disturbance and (iii) type of disturbance (Figure 4 ). Comparing the species composition of 46 plots (3 transects) and 4 recording times (1989, 1994, 1999, 2010) , using Jaccard-Index of similarity, we were able to differentiate 13 different 'species Thus, axis 1 can be interpreted as a disturbance gradient.
In summary, the study demonstrates that forests for a long time unaffected by man (as close to the natural situation as possible in a developed country) may not significantly be different from forests that are used in an adaptive way (extraction of single trees only, use of natural regeneration).
In other words, the single tree management system in this type of forest comes close to unmanaged or "natural" in respect to species diversity. (i.e., species diversity) and a high diversity of (micro-)habitats (i.e., community or habitat diversity), keeping biodiversity on a high natural level. A patchy mosaic is typical for a lot of temperate (mixed) deciduous forest ecosystems, as demonstrated by Zukrigl et al. (1963) , Mayer et al. (1980) , Abs et al. (1999) , Brändli and Dowhanytsch (2003) for several years to decades is giving habitat to a lot of bird (Moning and Müller 2008) , insect and fungi (Bässler and Müller 2010) species, which were rare to extremely rare in the past decades (without large scale bark beetle infestation).
Discussion
It becomes obvious that all these levels of biodiversity need a certain protection, and especially that disturbance in forests has to be accepted as a main driver of natural biodiversity. In protected areas, natural disturbances like wind throw or snow avalanche event or the sudden increase of the population of tree-killing insects or fungi should not be seen as a catastrophe but more as a change for re-establishing the former existing level of biodiversity.
On the other hand, timber is a very useful forest product.
It is the most important renewable resource worldwide. While using it for building houses and bridges and using it as energy carrier, the timber substitutes e.g. concrete and steal, mineral oil and coal. Therefore, timber utilization is important functional species groups. Insect and fungi species, depending on coarse woody debris, were excluded in this study because the overwhelming importance of dead wood for high numbers of such species is well-known (Harmon et al. 1986; Samuelsson et al. 1994) . Therefore, leaving some standing and lying dead wood in the forests also improves the biodiversity. Similar results (concerning vascular plants) had been found in a pristine temperate lowland deciduous forest in eastern Poland (Abs et al. 1999) : although the forest structure had been significantly changed by management, the vascular species composition in both managed and pristine forest stands was very similar (a bit higher in managed stands because of some additional disturbance indicators, more visible in the soil seed bank than in the actual vegetation).
A combination of protection and utilization therefore is possible, as long as the forest management is done in an adapted
way. This conclusion may not be restricted to temperate forests only. In the tropical mountain rain forests of Ecuador, belonging to the centers of biodiversity (Seligmann et al. 2007 ), Wilcke et al. (2009) found that improvement felling (10% of the initial basal area) did neither enhance nutrient leaching nor have impact on water fluxes, nutrient concentrations in all ecosystem solutions and therefore 'can be considered as sustainable with respect to water and nutrient cycles' (p.
1303). Günter et al. (2008) from the same study area showed that both ephiphytes and moths were not significantly influenced by the management changes. According to Günter et al. (2008) , an ecologically sustainable management of neotropical mountain rain forests is possible if the disturbance is low and if the disturbance area is embedded within a matrix of undisturbed forests.
Using forest resources in a sustainable way -sustainable also regarding biodiversity -is much better compared with the complete conversion of a forest into agricultural land (as done in many parts of the tropics, see introduction).
"Interconnecting resource use with biodiversity protection", as already demanded in the FAO "State of the World Forests 2001" report, will be a main task for both foresters and conservationist in the decades to come -and it is possible.
